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Recent evidence suggests that post-translational modiﬁcations
may modify the enzymatic activity of mitochondrial oxidative
phosphorylation complexes (MOPCs). Herein we describe the
modiﬁcation of native gel assays and optical spectroscopy techniques
to monitor MOPCs activity in order to take advantage of the unique
properties of these approaches. In-gel enzymatic assays are per-
formed by using reaction-dependent deposition of precipitates
quantiﬁed at ﬁxed time points, limiting the analysis of reaction
kinetics. To monitor reaction kinetics, we developed an imaging
system that continuously collects in-gel enzymatic activity in turbid
reaction media. Cardiac Complex V in-gel kinetics were non-linear
with a signiﬁcant lag phase followed by two linear phases. Taking
samples from arrested (low work) and dobutamine treated (high
work) hearts revealed alterations in Complex V activity primarily due
to changes in the lag phase. The nature of the Complex V initial lag
was unexpected and still under investigation. The native gel approach
is limited to only partial MOPC reactions with no membrane potential
and altered protein conformations. To overcome these limitations, we
developed a rapid scanning spectrometer coupled to a center
mounted integrating sphere to minimize scattering effects for
monitoring MOPCs activity under normal redox and substrate
conditions. Individual chromophore spectra were used to accurately
ﬁt the entire redox sensitive mitochondrial optical spectrum to
quantify MOPC redox states. In standard state 4 to 3 transitions, the
major redox crossovers were found between cytochrome c1 and bH in
Complex III, while a novel crossover was detected within Complex IV
between the Ferryl and Peroxy intermediate states, based on the
optical spectra. These data suggested a novel dependence of reducing
equivalent residence within Complex IV with alteration in ﬂow. The
MOPC redox state, oxygen consumption and membrane potential
were used to calculate the effective conductance of the entire chain as
well as individual MOPCs. MOPC activity was evaluated in mitochon-
dria from control and ischemia-reperfusion using both methods.
Surprisingly, a systemic down-regulation of all MOPC activity was
detected despite maintenance of driving force that was associated
with a 33% decrease in maximum ATP production rate. These data
imply a coordinated diminution of MOPC activity in this pathological
state and not one particular MOPC as a target of reperfusion injury.
doi:10.1016/j.bbabio.2012.06.316
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While the basic principles of regulation of mitochondrial function
are established, understanding of the adaptation of organellar
function in response to cellular stress is just emerging. A possible
mode of regulation includes posttranslational modiﬁcations of key
components involved in mitochondrial function. Acetylation of
mitochondrial proteins involved mitochondrial metabolism that has
been described. Mitochondria possess a set of NAD+-dependent
deacetylase, the mitochondrial sirtuins. One member if this family,
namely Sirt3, targets several enzymes of mitochondrial metabolism
and biogenesis. Sirt3 expression is induced under several stress
conditions, which makes it a prime candidate to mediate adaptation
of mitochondrial processes to stress. We have addressed this question
by analyzing the role of Sirt3 in regulation of OXPHOS function and
mitochondrial biogenesis under cellular stress. We subjected Sirt3
deﬁcient, Sirt3 over-expressing and control cells to different kinds of
nutrient starvation and forced respiration. Our data show that the
absence of Sirt3 causes a defect in mitochondrial ATP generating
capacity which is largely aggrevated during cellular stress. Use of a
catalytic inactive variant of Sirt3 clearly demonstrates that this lack of
metabolic ﬂexibility is linked to the deacetylase activity of Sirt3.
Recently it was reported that the mitochondrial protein synthesis
machinery, that is responsible for the generation of mtDNA encoded
proteins, is a target of Sirt3. To get a deeper insight if and how Sirt3
might inﬂuence mitochondrial ATP synthesis through modulation of
mitochondrial protein synthesis, we analyzed mitochondrial transla-
tion in Sirt3 deﬁcient, Sirt3 over-expressing and control cells
subjected to different kinds of nutrient starvation and forced
respiration. We found that Sirt3 is required for adaptation of this
process in the analyzed stress conditions. Interestingly we found that
Sirt3 affects the turnover and stability of newly-synthesized proteins
as well as of assembled OXPHOS complexes and supercomplexes.
Altogether our data show that Sirt3 is an important regulator of
mitochondrial ATP synthesis and that part of this regulatory pathway
involves augmenting mitochondrial protein synthesis and protein
turnover. Hence our data contribute to a further understanding of the
molecular signiﬁcance of Sirt3 in controlling mitochondrial metabolism
and highlight the importance of stress-regulatedmitochondrial function.
doi:10.1016/j.bbabio.2012.06.317
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TNF-alpha is one of pivotal mediators of inﬂammatory response,
hence, prosurvival pathway in endothelial cells is probably due to
activation of NFkB. It also stimulates proapoptotic events including an
excessive mitochondrial ROS production. Here a mitochondrial re-
sponse in human endothelial cells (EA.hy926) stimulated with TNF-
alpha was investigated. TNF-alpha stimulated ROS generation and
increased ICAM protein level — two changes enumerate as a
inﬂammation factors. These results paralleled with increased oxygen
consumption aswell as level of MnSOD and UCP2 protein content. They
also correlatedwith a rise of transcriptional factors like TFAM, NRF1 and
PGC1-alpha which are involved in regulation of mitochondrial biogen-
esis. Moreover, elevated level of selected respiratory chain proteins as
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well as slight increase in mitochondrial mass was also observed. In
addition, mitochondria of cells exposed to TNF-alpha form tubular
structures and their localisation was mostly perinuclear. Thus, an
observed stimulatory effect of TNF-alpha on mitochondrial metabolism
most likely reﬂects increased amount of mitochondria rather than
activation of biochemical processes per se. These observations are
paralleled with TNF-alpha‐induced mitochondrial biogenesis, as it
was suggested elsewhere. It could be a mechanism which is activated
to prevent TNF-alpha induced cell death, unless a proapoptotic action
of this factor would overwhelm its prosurvival activity.
doi:10.1016/j.bbabio.2012.06.318
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Mitochondrial protein synthesis is necessary for supplying essential
subunits of the oxidative phosphorylating (OXPHOS) system. Many
factors involved in this process have unknown functions, yet increasing
numbers ofmitochondrial diseases are found to be caused bymutations
in these factors. By understanding how their presence or absence
impacts mitochondrial processes we gain insight into the pathological
processes of mitochondrial disorders. Mitochondrial translation opti-
mization factor 1 (Mto1) is a highly conserved mitochondrial protein
which in yeast is involved in mitochondrial tRNA processing [1], but its
function in mammalian mitochondria is unclear. Recently, Mto1 has
been identiﬁed as a cause of mitochondrial disorders in humans [2].
To study the global effect of Mto1 deﬁciency on mitochondrial
processes we used Mto1 knockdown mouse embryonic ﬁbroblasts.
We compared cells grown in high glucose media as well as in
galactose media, which forces respiration. Our data indicate that
Mto1 deﬁciency causes reduced steady state levels of proteins
involved in several mitochondrial processes such as mitochondrial
ribosomal components, OXPHOS components and the mitochondrial
RNA polymerase. The translation rate of most mtDNA-encoded
proteins in the context of Mto1 deﬁciency appears to be affected.
Further work includes studying the impact of Mto1 on the
mitochondrial ribosome as well as on mRNA metabolism.
Taken together, our data will yield more insights into the role of
Mto1 in mitochondrial protein synthesis and will improve our
fundamental understanding of this mitochondrial process.
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Type 2 diabetes mellitus is considered as one of main threats to
human health in the 21st century. This chronic disease is preceded by
insulin resistance of muscle and liver cells. Restoring of cellular
sensitivity to insulin might prevent or delay disease progression, which
is especially important for muscle cells, which plays the crucial role in
maintaining systemic glucose metabolism. Thus an impaired glucose
uptake by skeletal muscles is a major cause of hyperglycemia. There are
convincing evidences that a reduced sensitivity ofmuscle cells to insulin
results from an excessive lipid accumulation in muscle ﬁbers. Therefore
it seemspossible that an activation ofmitochondrial fatty acid oxidation
could be beneﬁcial to restoring cellular insulin sensitivity by decreasing
intracellular lipid deposits. It may be achieved by a slight reduction of
the mitochondrial membrane potential and accelerated respiration.
Here we tested whether an activation of ATP-sensitive potassium
channels (KATP) by nicorandil which is expected to partially disperse
mitochondrial membrane potential, may prevent palmitate-induced
insulin resistance of C2C12 myotubes.
C2C12 myotubes exposed to 0.75 mM palmitate for 24 h exhibit
substantially reduced insulin sensitivity estimated by measurement
of protein kinase Akt phosphorylation. Preincubation of C2C12
myotubes with nicorandil (applied at 500 nM and 0.001 mM
concentration) for 72 h protects C2C12 myotubes against palmitate‐
induced insulin resistance. Moreover, 5-hydroxydecanoic acid (5-HD),
a putative inhibitor of mitochondrial KATP channel, blocks nicorandil-
evoked effects which indicates a selective KATP-dependent action of
this drug. It was also found that nicorandil slightly increases respiration
rate of C2C12 myotubes, without any visible changes of mitochondrial
membrane potential, that may reﬂect non-linearity between these two
mitochondrial parameters. On the other hand nicorandil enhances
reactive oxygen formation which is insensitive to 5-HD, thus probably
relies on KATP‐independent process. Interestingly, nicorandil-induced
ROS production is no additive with that stimulated by palmitate.
In conclusion a preincubation of C2C12 cells with nicorandil
protects them against palmitate-induced insulin resistance, probably
due to activation of KATP channel. However the precise explanation
of its effects on insulin-induced intracellular signaling pathways
needs further investigations.
doi:10.1016/j.bbabio.2012.06.320
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The Lon protease Lonp1 is a nuclear encoded, mitochondrial
protein highly conserved among species [1], which plays a central
role in the turnover of mitochondrial proteins by degrading
oxidatively modiﬁed or misfolded proteins [2], and contributes to
the maintenance of mitochondrial DNA (mtDNA) [3]. It is currently
emerging as a relevant regulator of mitochondrial functions, and the
effects of its disruption have been preferentially evaluated in single-
celled organisms, including S. cerevisiae and E. coli [4,5]. Few studies
investigated the effects of Lonp1 downregulation in human cells.
In order to address the role of Lon in mitochondrial functionality
in human cells, we set up a MCF7 (breast carcinoma) cell line stably
transfected with RNAi-pSIREN-retroQ-ZsGreen retroviral vector ex-
pressing a shRNA under the control of the human U6 promoter. We
isolated and cultured different clones with a N90% Lonp1 depletion
(shLon), and compared them with cells stably transfected with the
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